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PREFACE 


The economic development of an area, be it village or nation, 
goes hand in hand with the availability of water. Water is a basic raw 
material essential for the growth of industry, agriculture and municipalities. 
To satisfy this ever growing demand for water and, to insure orderly 
planning for the present and future, knowledge of the water "budget" is a 
requisite: how much is available, its accessibility and suitability for 
various uses. 


To define the water Itbudget lt in New York, as well as in other states, 
hydrologic investigations are conducted by the U. S. Geological Survey in 
cooperation with state agencies. The investigation of water quality in New 
York as a part of the hydrologic investigations is being conducted 
cooperatively with the New York State Department of Comaerce. 


Results of investigations of water quality to date appear in this 
and two previous reports - CHEMICAL QUALITY OF WATER RESOURCES OF THE 
CONEWANGO CREEK BASIN by W. A. Beetea and CIIEJIICAL QUALITY OF WATER RESOURCES 
IN THE ALLEGHENY RIVER AND CHEMUNG RIVER BASINS, NEW YORK, 1953 - 1954 by 
F. H. Pauszek. This report includes data appearing in the latter report 
and additional data obtained since 1954 in the Allegheny River and Chemung 
River Basins, from other surface waters in the Susquehanna River Basin, and 
in the Genesee River Basin. 
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CBEIIICAL QUALITY OF SURFACE WATBRS 
IN TIlE 
ALLEGHENY, GBNBSD, AND SUSQUEIIAHlfA RIVER BAS IMS 
.. YORK 


by 
F. B. Pauszek 


ABSTRACT 


A saall portion of the Allegheny River basin is in the south- 
western part of Hew York State; the Allegheny River ris.s in P<.tt'ter County, 
PeDD8,.lvania and ends at Pittslt\lrcI1, Pelmsylvania "'ere it joins the 
IIoDonpiaela River to fora the Ohio River. 


Because of oil field operations in the basiD, ..tes laa'9'ing 
excessive DOuats of socIiua chloride are carried b,. ..,. of the tributaries 
iDto the Allegheny and contribute to the poor chea1cal quality during low 
flow periods, usuall,. during the s,..er and fall .oaths. COncelltrations 
of calciua and aapesiua dissolved f1'Oll 1D1derl,.iDg beds of l:Laest011e 
in the basiD aake water frat the Allegheny River 

rat elj , hard to hard. 
Other ch_ical constituents noma11,. found in surface waters COIipr:Lse - 
onl,. a saall part of the ldaeral content of the Allepen,.. 


During high flow, concentrations of aajor const1tueats are 
reduced b,. dilution and the ch_ical qualit,. of the Allepea, iaproves. 
At such t1aes, water fraa the Allegheny has auJ.tiple ..s-iDcIuatrial, 
agricul ture and even for public water suppl,., in so far .. a1l1el'&1 content 
is a consideration. 


The Genesee River has its origiD. also iD. Potter couat,., 
PeDDs,.lvania, but UDlike the Alleghen,. River, a aajor portioa of the 
basin is in Kew York State where the river flow nortlnrarcl aDd _ptie. 
into Lake Ontario. 


The ch_ical qualit,. of the Genesee River deteriorates as it 
flows across the state. Polluting substances and aineral aatt.r in ground 
water drained fraa beds of l1mestone, dolc-.ite, Ups- and salt increase 
the concentrations of dissolved solids and hardness. 


On the basis of aineral cantent, water froa the Genesee River at 
Scio, K. Y. and )It. Morris would be satisfactory or could be aade s.tisfacto17 
for I18DY uses including public water supply. At Rochester, .... York, water 
froa the Genesee would have to undergo extensive treatment to reduce 
hardness. 


Although all three rivers are inter-state stre.s, 081,. the 
Susquehanna River has its origin in the state. 
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GenerallJ', there is appreciable difference in quantity and kind 
of dissolved material of the Susquehanna River aDd its tributaries east of 
Binp_ton, Kew York in comparison with the tributaries such as the Chem1111C 
River and Cohocton River flowing froa the northwest. These differences 
are more pronoUDced during low flow. In the CohoctOD River, because of 
pollution, chloride concentrations were very hip (auia.. of 512 PPD) 
during the sumaer of 1955. 


The SusquehaDna River basin is a vast source of water for 
industry, public water supplJ', and agriculture. s.e of the surface 
nters in the basin are alreadJ' being used for these purposes. GeDerallJ', 
on the basis of .1Deral content, the waters are satisfactory or could be 
aacle satisfactory with treatment. Of course, for use as public water 
supply, all streaas would have to confora to .stablished sanitary criteria. 
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INTRODOOTION 


Water is an excellent solvent, capable of dissolving solids, 
gases and liquids from the natural sources of these substances - rocks, 
soils and the atmosphere, as well as from the .an.....de sources - industrial 
and doaestic wastes. The quantity and kind of aaterial in solution and 
the resulting physical and ch_ical effects are the basis for defining 
the ch_ical quality of water. 


Ch_ical quality, in turn, is a measure of the utility of 
water for industrial, agricultural, public water supply and recreational 
purposes. Soae waters aay be hard and are objectionable for d_estio and 
industrial uses because of their soap-consuaing properties, for.aation of 
precipitates and scale deposition. If iron and manganese exceed about 
0.3 part per million, discoloration and deposition will DOr.aally take 
place. Acidity of water will praaote corrosiveness in distribution 
systeas; thereby increasing maintenance costs. bcessi ve aaounts of 
dissolved solids, alkalies, bicarbonate and chloride in water will 
render it unsuitable for irrigation. Concentrations of fluoride greater 
than 1.5 PPIB in a source of public water supply are considered undesirable 
because of the effect on the dental health of children. Surface waters 
having a dissolved oxygen content of less than 5 ppa are ,CODsidered 
unsatisfactory for the propagation of gue fish. Soae of the ch_ical 
constituents usually found in water, their effect and user concerned, are 
listed in table l. 
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Whether er DOt a water is suitable for those purpose. 
aentionecl 111 the preceecliDg paragraph and for others, can be anticipated 
beforelaand if the ch_ica1 qualit,. is knowD. However, if ch_ical 
qualit,. 1111its the use of a water source, it CD be iaprovecl with 
_itab1e treat.at. In aD.7 event, a knowledge of tJae ch_ieal qual.:J.t1 
i. a prerequisite. To fUl that requireaent is one of the objectives 
of the investigations of water quality ooaducted 1a the state. 
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ALLEGIJENY RIVER BABIK 
Headwaters of the Allegheny River arise in Potter County, 
Pem1s,.lvania. FIO'ring westward, the Allegheny ero..es McKean County, 
then changes its course near Port Allegheny toward the Hew York - 
PeJmsylvania state line. In western Hew York, the Allepen,. foras an 
approxiaate s_i-loop approxiaately 50 ailea in length, passing through 
01ean au.d Salaaaaca and theD. south through the AllegaDY India Reservation 
(plate I). Crossiag aga:1n into PeDDsyl vania, the Allepeay joins the 
IIoDODgahela at Pittsburgh to fora the Ohio River. 


At Red 1Ie11se, New York, the Allegheny dral8s aa area of 
1,690 square ailea iDcludiag aany of the 011 fields in aorth-central 
Pennsyl"ania and southwestern Hew York. At this locati\)n, daily water 
samples were collected from OCtober 1953 to Sept8lber 1956 for the 
determination of chemical quality. Upstream and dowastrea froa the 
station in New York and in Pennsylvania, add:l.t1cmal water saaple. were 
collected periodically on the ..in stem aDd Jl8D.y of its tr:l.butaries 
to supplement data obtained at the station (plate 2). 


CBEIIICAL 
QUALITY 


The chemical quality of the Allegheny River at Red Bouse, 
New York is poor during low flow. Conceatratioas of 
dissolved mineral matter, during the period of record, 
were 300 parts per million or aore when the rate o:f 
discharge was 550 cubic feet per second or less (f1g. 1). Vader these 
conditions more than 400 tons of aineral JUt'tel" would flow by the station 
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at Red Bouse 1D one day (fig. 2). USuall,., the critical t1lles of year 


are the s.-er aacI auttaD period. __ low flows are 80re prevalent; 


t
 is le.s, bv.1: c-.o_ trati..s of di...lv.. uterial (quantity per 


..it "oluae) are ve7:J Idp. (fig. 3). 


Sod1ua aacI chloride were the p
..t OO8st1tu_t8, with 


leseer coacentrat:l... of otIaer _t811:1.o aad .....et811ie CODst:l.tueats 


aoaal11 fo1lDCl in llUZface ...ters. Beea..e of the 0:1.1 f1e1d operat1eD8 


:I.a the '-asin, wutes hip ia .od1_ cblor1de were carr1ed b1 the -,. 


trilnttaries 1Dto the A11echeaJ Riyer (plate 2); c1aloride conteat of ... 


of the.e tributaries is giv_ below. 


Saapliq Locat1eu 


AUC . 1954 
. 


Aug. 1955 


Potato Creek at 
Coryy11le, Pa. 


254 ppa 


288 ppa 


Cole Creek at 
Faraera Yalley, Pa. 


999 
 


695 PI* 


Korth Brach Cole 
Creek at Wr1cht8 
Comera, Pa. 


470 PIlI 


338 ppa 


South Bnnoh Cole 
Creek at Colev11le, 
h. 


1730 ppa 


1200 ppa 


Tunungnat Creek at 
Irvine 1I1l1s, H. Y. 


927 PIlI 


376 ppa 


The high concentrations of sodi. aad cIa10ride were reduced 


CODa1derabl)' b1 dllutioa with the uh 8t-. c..aequentl)', quality of 
the Allegheny 1IIproved 'betweea Larabee aacl Eldred, PeDas1lvaaia (sites 


11 and 12, plate 2). 
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But dowutre_ acldit10aal iJaflow of higlaly lI1aera1ised waters, especially 
froa Ttm.uapant Creek, apD. iDcreased the 
 tratioD of sodi_ aad 
chloride. Dur1Ag August 1954 _d 1955 __ oJalor1do ooncentratioas of the 
'tributaries were detera1D.ed, chloride iD the Allepea, River at Bed Bouse 
averaged about 225 .JIa. This level was IIA1DtaiDed pr1llari11 b1 1aflow 
of tributaries f:re. tho 
; stre_ :La ... York flow1De frca the nerth 
contributed .iDor ....titi.. of a1aeral _ttor. 


Be1Bc ORe of tho Pftdc*1aaat 1_ ia 801U1811, chlorido CORcetra- 
tieD is aa excelleat 1IMIex of tlte eIk_ical qualit1 of the Allep-.y. Chloride 
is direct11 related to specific ooJUluctanoe' - aD appnx1aate _anre of 
diseolved .iDeral _tter in solutiOD (fie: 4). As oJalor1de COD
tratioluJ 
lDcreue substaDtiall" &11 iDcrease 1a .1aeral ceateat ... deteriorati_ 
of .ualit1 is iDd1cated. Because of its val_ aD _ iadex, dail, ch1orido 
deteraiDatioas have beea made for the period of reoerd. Ia table 2, 
percentages of dail7 s_ples are giveD 111 wldch oII1or1de CODceatrat18Ds 
(ppa) equalled 01 exceeded those tabulated. 


A slight decrease iD chloride, oaa.ca trat1ea .... _ted during ater 
,ear 1955 followed _y a larpr reduction durias 1.58 *_ rainfall ... run- 
off were higher (table 4). Using 250 ppa as a base (aax1lRa uaa1l1 
oouidered acceptable 1a a 80urce of water sappl,) the decrease is aore 
sip1ficaat (table 3). Bee.Wle Datura! CODd1t1oas are' influeaced b1 oil 
field operations, PJ'8d1ct
 of a trend would be p
ture. A dowmrard t1W1d 
..,. be iDdicated as additional data are ebta1Ded dur1D.c low flow periods. 
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Table 1.-.A11epeaJ-Biver at Red "'e, K.Y. 
Percent of daily saapl.. in which 
chloride concentrations (ppa) 
ecraal1ec1 or exceeded t.ae tabulated. 


PBRCEJIT 
Water 
Year 
1 lO 25 50 75 99 
1954 3G8 242 I 190 86 38 16 
19S5 214 202 l48 90 48 12 
1956 230 84 55 36 24 8 


Table 3.
lelheDY River at Red Bouse, B.Y. 
Percent of daily _pl.a in eiela 
chloride concentrations (ppa) 
equalled or exceeded 250 p,. 


Water Year Perc8Dt 
1954 8 
1955 3 
.1956 0.8 
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Table 4._1afa1l ad ....11 (ucla..) A11 ....
 Itate PaS &ad AllelbeD7 


Rift!' at Red 1IotI8e, ..1'. 


1963-195,( 19&..1951 1955-195& 
Jl)1ft'R RAIDALL alJX-oJ'F RAIDALL a.-on' RADrALL RtJIf-OJ'F 
Oct. .80 .14 8.01 .61 8.41 2.55 
" 
Rev. 3.19 .50 2.1l .." 0.53 3.08 
Dec. 3.38 1.55 4.04 1." 1.81 2.08 
.lau. 2.88 1.10 1.21 2.14 l.1O .82 
Feh. 2.38 2.57 2.63 1.33 3." l.n 
liar . 3.95 3.33 5.86 8.62 8.17 '1.37 
Apr. 5.66 4.20 2.46 1.76 3.87 5.75 
..)' 3.19 2.29 3.50 .79 5.to 3.90 
JuDe 5.21 .93 1.40 .2. 2.49 1.58 
July 2.96 .21 2.98 .16 8.57 1._ 
Aug. 3.18 .15 5.02 .40 8.88 1.50 
Sept. 2.60 .14 1.75 .14 4." 1.'14 
, 
Total 39.26 17.'11 39.77 18.9"1 59.81 33.16 
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ftuctuations 111 chloride tonnage f
 da)' to day are shown in 
figure 5. Tables of chloride coDcentrations U1d load (tons per day) for 
the period of record appear iD the appendix. 


AI though CODe_tatieDs of calei_ and .......:1._ are lower than 
tho.e of sodiua and chloride duriDg low flow, suffici_t ,....tity i. 
di.80lved fro. l1aestoae 11Dderly1Dg the bum to .ale. nter .fx.a the 
Allegheny River .oderate1y JumI to hard. About 40 perc_t of tlae water 
_.ples, during nter years 1954 and 19S5, had a barcla..... expres sed .s 
CaCOa, of 120 Pia or _l'e; ..e ..ple. had hardD... a. hi_ .. 2'70 PIa- 
YerJ hard waters (fic. 8). 


Other cme.1cal oonatit1leat8 nonaa11)' foad 1a 
aoe aten ..a. 
up only a -.11 preport:t.a of the dissolved solids at low Ilowa. Because 
of the presence of ltioarMaate, water f
 the Allepea)' .a, ,With few 
ezceptiona, antral or alka11ae. Iron 9XCeeded 0.3 part per a1Uioa 
at t1ae8. A 
 of these and otb.er cautit_ts i. giveD in table 5. 
Detailed ell_leal aaal)'ses are presented 1n the appendix. 


Thus far, quality of water f
 the All.....)' reaultiAg f:rca low 
flow coJUlitioDS has beea couldereel. Duriag IUp 110w, cheMioal quality 
of the Alleghen)' iaproves as CODcentratioJul of di.solved ..lids decrease 
(fig. I). The coacentrat1ons of sodi_ ad chloride are con.1derabl)' 
reduced by dilution. Calc1_ and bicarbeeate are reelueed also, but the 
percent rate of chaD.ge 18 DOt as pronounced; occuioaall)', coDcentrations 
of these cations exceed. those of sod1_ and chloride. so.. reduction :I.D 
concentrations of other 
atituents, aI_, take place but these reduct1oD.8 
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F:gure 5 - Ctllofioe load, Allegheny River at Red House,NY. 
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'are not as sipificaut as for those aentiOl1ed above. The end result is a 
water of ilaproved quality, 1D 80 far as a1Deral content is concerned. 


WATER 
TBIIPBRATURB 


Water 18 an excellent heat'"'"8XCha.Dce .eeli_, ad 1s ued 
e:x:t euivel 7 in air-ooDdit 
"-1' aad iadutl'J' for variou 
cooliag purposes. -re.pera't1D:e of nter 1s .. iDd1J'8C't 
aeasure of its capacity to usom heat ..s-u, 8Dd, in 
turn, its utility for cooling purposes. 


NOnaall,., t_perature of surface water flactuat.s ... ..81J 1'; 
howeYer, iD.dutria1 wastes and JRUDicipal sewage _ptied into a river DI&7 
cha11ge this pattem. In shallow streaas, water t_peratuns will follow 
changes in air t-.eratures very closely whereas' in deep rivers there a&J 
be considerable variation between air and water t_peratures. as well as 
t_perature differentials froa top to bottom. 


Water teaperature of the Allegheny River during the period 
of record followed a SeasODal pattern; below the average fro. November 
.through April and above the average for the remainder of the 7ear (fig. 7). 
S...ry of water teaperature 
) is given below. 


Water Year 1I1n . Avg. !!!!.!. 
1953-54 32 53 80 
1954-55 32 55 83 
1955-56 32 51 80 
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Ft gure 7 - Temperature - deQrees fahrenheit, Allegheny River at Red House, New York. 
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WATER, QUALITY 
AIm UTILITY 


The utility of the water from the Alleghen)' is dependent 
to a large 
easure on its qualit)'. During high flow, 
when its quali t)' is better than at low flow and where 
mineral content is the priaary consideration, water 
f1'Oll the Allegheny has multiple uses - industrial, agriculture and, even, 
public water suppl)' in so far as mineral content is concerned. At other 
t1aes, when mineral content of the water i8 higher, the water aight st1l1 
be used for irrigation and for ..e insensitive industrial processes. As 
a coolant, water from the Alleghen)' during low flow might be corrosive 
because of the chloride content. 
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GBDSD RIVER BASIN 


The headwaters of the Genesee River are located iD north- 
central PemI.8)'l vauia - in Potter Count)', about 5 miles south of the 
!lew York - PeIUuI)'lv8Dia state liDe. Crossing into !lew York, the 
Genesee Manders 801'0" the southwestern plateau in a pre-glacial 
oha1mel bordered 1»y hills, 1n soae places, as high as 2,200 feet above 
sea level. It continues OB through Letch1lorth State Park where its 
falls and post-glacial gorge are scenic attractions. At the ext
 
northern end of the park, flood waters of the Genesee are iapouaded 
in lit. IIonis reservoir aud released during low flow. CoatinuiDC 
on its journey, the Genesee flows througl1 the Brie - Ontario PlaiD, 
passes through several SO:rces cuttiag acress the Cit)' of Rochester 
and _pties into L8Jce Ontario. 
Three stati0D8 were operated duriag the 1955 water year for 
the collection of aU)' wter s_ples f1'Oll the Genesee for ch_ica1 
anal)'ses - at Scto, Dear lit. IIonis, aad at Rochester, K.Y.; operat18a 
of the station near lit. Morris was continued dV1Dg water )'ear 1956 
(plate 1). 


Dail)' water t-.perature was recorded at all stations duriDg 
the period. of operation; at Rochester, daily t-.erature measureaents 
have been continued since OCtober l, 1955. 
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The cm.ica1 quality of the a.esee River deteriorates as it 


CDIIICAL 


flows BOrosS Hew York State to Lake Ontario (fig. 8). IDflow 


QUALITY 


of tributaries hip in mineral content (di...l vecl soJ.:1A18 I_I' 


s
 atr_ are given below); poUBCI water draiaecl f1'Ga 


beds of lillestone, dolOllite and ups,,; and pol1ut1ac aateri81 iacreued 
the CODcentratioas of dissolved solids and hardness (table 6 aad fic. 9). 


The Bet result was a water of progressively poorer quality. 


IDstaataa.... 
Discharge Di88G1ved SOlids 
Streaa and location Date cfa ppa 
Marsh Creek at St_e Da, H.Y. 8-12-54 0.33 247 
Vandemark Creek at Scto, H.Y. 8-13-54 .096 1,500 
Knight Creek at 8cio, H. Y. 8-13-54 2.54 1,270 
Wolf Creek at Castile, K. Y. 8-16-54 l.72 16,100 
Oatka Creek at Garbutt, K.Y. 8-18-54 29.0 1,010 
Black Creek at Churchvil1e, K.Y. 8-17-54 6.9 893 


A.t Scio, H.Y., about 20 miles downstreaa froa its head_ters ad 
the farthest upstream station, the Genes
 River contained, ccaparative1y, 


less dissolved mineral aatter than was deterained at lit. IIorris and. 


Rochester (table 7). Dissolved solids fluctuated from a low of 74 


to a high of 236 ppm. Usually, the higher concentrations were of short 


durat ion; about 75 percent of the t 1me mineral content equalled or was 


less than 203 Pia (table 6). 


Of the m1neral matter in solution,' calciUII and socii... conceatra- 


t ions were about the same order of mapi tude between 5 to 25 p
. Dar1ag 


periods of low flow, the ratio of sodi..... to calcium concentrations averaged 1.3. 
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This condition resulted frc8 very little dilution aDd froll ground wter 
drained froa the sandstone and shale. MagDesiua conc_trations did not 
exceed 7.9 PJ8 and concentrations of potassium. were low and rather 
1Dd1o:ra, rangiDg f
 0.9 to 2.8 ppa. 


Of the auione, bicarboute aDd cII10ride coaceatratiODs 
predoa1Dateci wi't11 lesser amoUD.ts of sulfate. fte nitrate coateat .... 
coaparatively higher dv1Dg low flow per1eds and appar_tly attributable 
t. localized po11u:tion ad/or organic gnwth preval_t 011 the streaa bed 
&ad shoreline d.uring _I' ad earl)' f
......raall1, periods of low flow. 


About a ai1es .....treaa fro. 8010, aear Mt. IIonis, X.Y. 
about a two-fold iDorease in dissolved se1:1.ds ... laardDess occurred dur:Lag 
the _aae period of October 1, 1954 to Sept....r 30, 1855 (table 7 aad 
fig. 9). DariDg ater 1ear 1956, the 1D.o:reue of dis_1ved solids was 
1e8s pronounoed. 
The increase in quantit1 aad qua11t)' of di8SOlved .1aeral 
_tter reflects drainage f
 saDdetone, sJaale, l1aestoae aad Up"- in the 
area; as indicated by increase in aon-carbcmate I1ardae8s. ODe of the 
tributaries, Wolf Creek, drains an area where a salt well is being 
operated and wastes high in sodium chloride add to the ailler&! oonteot 
of the main stea. 


. Of the cations in lSolution, concentrations of calciwa and socIi_ 
determined in water samples from the Genesee River Dear lit. Morris were 
higher than at 8c1o.. Sodium concentrations apm predoainated duriDg low 
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fl.. but 08101_ ccmc_trations were higher dv1D.g high flow. At tilles, 
coaoeatrat1cms of _es1_ were slight11 higher tlaaa 7.9 ppa aaxiaua 
deteraiDed. at "the upst:reaa station. Pot...i. CODo_trat1... 
1aed 
low and fairly 1D11fera. 


Of the ..ieRs , ooaceatratioB8 of b1cuboDate reaa1DecI 111_ 
cl..ely foll.... ..,. iaoreased coacatra1:ioIas of chloride; oa AUCWIt 15, 
leSS cI110ride 
oeatrat1es .._.. 1:110.. of bicarbonate 
y three-fold. 
CoDoentratioas of sulfate were two-fold hiper'tlum those for the upstreaa 
statioR ad co.tr11ntted to the iacrease of :aea-ear1»oaate hardness 18 the 
Geaes.. Riyer Dear .1:. ..nis (table 6). 


A1MMI1: 14 11118. dowastre_ traa Kt. "rria 111 the YiciD.it1 of AVOID, 
1'. Y. the Genes.. River drams aa exteasive l1aestoae and dol..ite area 
(plate 1). ..rtI& 01 this are_ and :""ediately adjaceat is a belt of 
gyps_. In &ad a1'01IIMI R8cb.ester, If. Y. i8 a:a.ether extensive liaestoae 
and dol_ite area. 


As would be expected, highest ocmcea trati_. of diesol veel a1nera1 
.attar and. hardaes8 were deteraiDed ia water ...ple. taka troa the 
Oea.... River at IecJae8ter, B. Y. Sevent,. five percent of the time, 
d1s801 "eel _lids equJ.led .1' exceeded 310 ppa ad hardae88 equalled or 
exceeded 200 .pa (table 6 .... fie. 9). 


Altlao1lCJ& ooao_1:n1:1088 of calc 1_ were at tiaes less thD these 
of sod.lua at the ....treaa 81 te8, at Rochester, calci. was the p",*-tDaat 
catio. at all t1aes; uuJ.ly 2-3 tiDe:k1 higher thaa at the 1Ipstreaa 8tat1oll.8. 
CoAceatrati_s of uca_i. were al.. higher. The Bet result was . hard wter. 
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Of the anien., coacentrat10D8 of bic
te were substantiall,. 
higher thaa those of aD)' ether 10n. Increased ceacentratlons of sulfate, 
18 COIIbiDat1on with caloi_ and aagae8i_, raised the non-carboDate 
laardaess considerably (table 6). 


ID table 7, a _1'1 of cheaical analyses of water saaples 
fl'Oll the Genesee River at Seio, Dear lit. "rris and Rochester 1. 
presented. Additional tables of analyses, 1D detail, will be fOUDAl 18 the 
appendix. 


Gaerally, water teaperatures at the tlaree stati.. _ 
the OeDesee lttIrer at Scio, IkNnt IIorr1s and RoeIlester 
followed a seasonal pattern-risiD.c early 111 April to a 
lULXiata during the summer; gradual1., decreaslDc and 
lIoYering &round freezing during the winter -.u.ths (fig. 10). 


WATER 
TEllPBRATURE 


At Scio, the Genesee is a shallow st
 readily affected by 
changes in air teaperaturej at this stat10a fluctuations are :frequent 
aDd pronounced. Water tem.peratures were hiPeat at this statioa. 


Near IIo1mt Morris, t_peratures of the Genesee River fluctuated 
and were lowest for the three statioDs. 


At Rochester, water t_perature followed an erratic . ea
..' 
pattern rather than sharp rises and falls characteristic of the Genesee 
at the upetrea stations; apparently, pollutioa ad discharge have a 
" if 7ing influence. 
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Figure 10- Temperature -degrees fohrenheil for Genesee River 
at Rochesler,N Y. near Mount Morri$,N Yond of Scio,N. Y. 
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Table 8.--Genesee River 
Percent of tiae, t_perature 
F) 
shown was equalled or exceeded 


Location and year Perceat 
5 10 25 50 75 99 
8c10 
10-1-54 to 9-30-51 82 80 75 61 40 32 
IIDUDt "rr1. 
10-1-54 to 9-30-66 77 74 67 52 36 32 
Boch..t.r 
10-1-54 to 9-30-56 79 76 70 57 41 32 


Table 8 shows pe:rcent of t 1me (for period of record) when 


teaperatures S1v_ were equalled or exceeded. Tables of daily teaperature 


data for the Genesee River at 8c10, near lit. IIorri., and at Rochester 


appear in the appendix. 


On the baa is of aineral content water obtained froa the 


WATER, QUALIft 


Genes.. River at Scio aDd lit. IIorris would be satis- 


AIm UTILITY 


factory for industrial, aar1culture and public supply 


(if sanitary quality were satisfactory); Wellsville 


(POP. 6,402) is using GeD.esee River as a 8Our
e of public supply. At 


Rochester, water if used for industrial purposes, would have to undergo 


extensive treat.eat to reduce hardness. 
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Most tributaries. other than those listed 08 page 24, would be 
satisfactory chea1cally for industry, aariculture and public water supply- 
if sanitary quality were satisfactory. 
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S1tSQUBIIARIfA RIYBR BABIK 


In the soutla-ceatral portion of ... York State, the s usqweJ\Utfta 


River Basm, with a dra1Dap area of abe1rt 7,310 square ailes, is ODe of the 


aajor river basiDa w:l.tI11a the state (plate 1). fte _ta st_ orig1Dat.. 


at the south eJUl .f Gte... Lake at Cooperstowa, Hew York and aeanclen ia 


a 8Gutlnresterly d1rect1eD p-aclua11y 1D.creas1Dc iD size as it is je1aed 


by tributaries flew1Dg fr. the east, aorth aacI _rth....t. The S 1UlClMh
--- 


onsses into .....yl 'V8I11a for a sJaort distaD.e, _18 into If.. York and 


tlarough the cities of B "
p_ toa and BDdioott. AItout 42 ailes ..athwe8t 


of .B1D.gbaato., near Waverly, on the If.. Yom - Pemasyl vania Itorder, the 


S_queh_ flows iDto Pelm8ylvania. 


Data OIl ch8l1ca1 quali tJ collected fer .. year OR eacll. ef tlae 


tollowiDe stre_ aad l00atiODs are diseased iD this section: S uq\Wlt
. 


River at CoIIklin, II'.Y. (Oct. I, 1954 - sept. 30, 1955), CohoctOD 
ver 


\ 
at C..pbell, If. Y. (Oct. 1, 1955 - Sept. SO, 1956), Chenne River at 
Chem1ng, H. Y. (Oct. 1, 1953 - Sept. 30, 1954). Data collected per:1cMlicaU, 


OD -)' other stre_ :I.D the basin 8uppl. 
 at tile data obta1D.ed at the 


stations. 


Generally, there is an appreciable difference in quamtit, of 


CBIIIICAL 


solut_ and ch8111eal coaposltioD of the Susq.ehaDDa River 


QUALITY 


and its triw'tar:l.es east of B "
. tOJl., Hew York in 
 


pari_ with the tributaries! f
 the DOrthwest-c1\-.g River, 
the CohoctoD River aad others, .table 9 aad appeDdix table 41. These 
differences, hi ,
t1ty and quality, are .1'8 pronounced. dvirtg low new 
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than during high flow __ dilution reduoes the coac_trations of solutes 
drained froa the saadst.e. shales and l111est_e 1a the basin. 


Stre_ flow1D.l f:roa the _rtheast' "art iD q_tit,. of dissolved 
aaterial but us'U11)' coatain less thaa 175 parts per aill1on; ..., 
:1ncluding tlae 8iD st_, llave less than 125
. At COBklin, rage of 
dis80lved solids 1». water _p
es froa the S1I8«tuehauaa River was 52 tG 1'19 ppa, 
but duriq tlae per:1od of OCtober 1954 to Sept....r 1955, 90 percent of the 
t1lle the estiaatecl disselved solid conteat equalled or was less thau UO 
. 


The aineral coat_t is principally calci_ bicarbonate with 
lesser UIOUDts of other O&tiOl1s aud aaiens that DOraaJ,l,. are found :1D 
surface waters. Chloride, for exaaple, .... U811ally le.. than 10 ppa. This 
is aeat10ned beoaue, as will be pointed eat later, 111 the Cohocton River 
flow1ng froa the aorthwst, these low oIa1.ricle Oono8DtratiODs were exceeded 
twenty fold 'because ef pollut1cm. 


Surface waters east of Bmghaa't_ are usually soft-les. thaa 75 PJa 
of hardness .. C8G03 except for a few streaas having a aocIerate hardaess 
during periods of low flew when calc1a .... trat1ODs were higher. Ap.:lD, 
tlae SusquehaJma River at OOBklin, for which a f1l11 ,ear's record is available, 
had an estiaated hardness of 95 ppa or less, lOG percent of the t:l.ae. 


In contrast, those tributa::-1es of the Susquehanna River flow1D.l 
froa the north ad nort1lwest-chemung Ri'Yer, Cohocton River and others- 
are acre aineral1zed. Concentrations of dissolved solids, 111 aany of the 
streaas exceeded 200 ppa; the Cohocton River at Caapbell, N.Y. had a 
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d18801v_ M11d eeat_t 01 180 ppa or ilDre, 58 pero..t of the t:lae, for 
the peri.. of record, and a llUia_ of 1,010 
; 'the Cu.u, Biyer at 
a-., alt_qII1t. ..xi.. was 316 PPI, ecau11ed or ....... .. PIlI 
of d18801..... Ml1U, 50 peroat of the t:lae (t_l.8 . ad 1.). 


The a1ae1-a1 _t_t ....18ted priDcipa11, of calcl. .... 
lt1oarMute. GeMraU" tJae coacentratioDS of calo1. &ad 1t1oaztaeaat. .... 
hlper tlaaa tho.. 1a auf... water8 f1ewiDc fna tJt.e BOnlaea.t. ...... 
trati_8 of o<tllel' atteaa awl ..i_8 weN Ue1rt the ._ ...t tJaat 
.1I1fate .. 811&taU,. J!''''W :1a tlae 8ur:r_ wten fna tll.. _nit eM. 
Mnlnre8t. C1I1eziA1e Sa tJIe CoIaeotea Rive at C8ap1tell, dviq"....... 1_ 
te ..pt....r 19H. ... a ..-tabl. exoeptiea. 


The c..l.. BiYft, dviag the peried of recercl, tra,8pezte81 at 
t1ae8 as ... .. III '*- .f chloride per 07. "aa11J' , cJt1or1de _0_ 
tratiou 1a tla. tMIt'Dt8 ....erap about 10
. ......r, ciarDI tIae periM. 
April tl1roap. 
 l1a8 OODc_trat1OD8 f1uotuted '- 81;.... 10 ppa ad 
1..8 te a laip of 136 PJIR _ A1Ip8t 23, 1956 (fic. 11). Th.8. fl_tutu.. 
were cau8ed It)' d1801u1:rp of ....te water, hip 18 ",i_ chloride, fna 
exca...atioa of salt ......... tap8t"_ at Bath, X. Y. 


S'Ufaoe _ten, 1a tlti. area of the S .....
ft.. River buia, n;qe.a 
f
 soft w Iaaft (f1C. 12). .ear C_pbeU, :b.udaea8 .. CaCOa of tile 
Collectoa Ri...er ...-.11.. .. exceeded 96 PPI 10 pero..t of the tu. ... .. .. 
were equalled or ao... .. I percent of the ttae. Ia tbe Ch_IlU.vu at 
mae...., bardn... equalled or exoeeded 126 ppa 68 perceat of the t:IM ... 110 
ppa 5 perceat 01 the tiM (tale 9). 
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Figure 12 - Hardness as Co C
 Chemung River at Chemung, N. Y. 
Susquehanna River at Conklin,N. Y., Cohocton River 
nr. Campbel i, N. Y. 
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Su.aary of ch
cal analyses of the SusquehaDDa, CohOctoD and 
Chemmg Rivers i8 given in table 10. Detailed tables of analyses appear 
ill the appendix. 


Water t_perature of the Chemmg River at Chelaung, B. Y. 
WATER fol'Md a <*IP1ete c7cle about the average throughout the 
'i'BllPBRATURB period October 1953 to Sept-.ber 1954; averap for the 7ear 
.... 52Op-. starting early :I.D Hov-.ber, 1953 water t
ratures 
dropped erratica117 below the average UD.tll freeziJac. Daring January, 
February and ear17 1Iarch, t_peratures hevered Uout tile freezing point. 
Wi th the spring 'thaw, a gradual rise took place. 'J.'eape
ture8 then 
reaained above the average througlaout late spring, s_er and fall, 
-reach1Dg a u.xu.. of 78O:r. It will be DOted 18 fipre 13 that water 
t_peratures, with 0B17 few exceptions, were below 650p for alaost eight 
months of the year. 


T_perature of the Cohocton River Dear Caapbell, N. Y. dropped 
sharply during the _the of October aad. November 1955 and r_ined slight1,. 
Ueve freezing from December 1955 until latter part of April 1956. Erratio 
fluctuations between 42 and 62 degrees Fahreaheit took place during the 
IIODth of Jlay. During June through August, the t_perature range was fna 
60-720.,; the latter temperature was recorded only on two days dur1Dg the 
su.aer .onths (fig. 13). 


Teapera'ture of the Susquehanna River at Ccmklin, H. Y. fluctuated 
in the usual se uenaJ pattern. A subH-tetial rise began early in April 11U 
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Figure 13 - Temperature - degrees Fci1renheit for Chemung Ri\ler at 
Chemung,N.Y, Susquehanna River at Conklin,N.Y., and 
Cohoe ton Rive' nr. Campbell,NY. 
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and continued erratical17 reaching a aaxiaum of saOF in July. DUriDg the 
r_inder of the su.er period, t_perature of the SusquehaDDa varied bet.a. , 
70 - SOOp. 


The Susquehanna River basin has a vast network of streaas 
WATER, QUALITY available for industrial, public water suppl7 and 
AIm UTILITY agricultural purposes; some of the surface waters 1a the 
basin are already being used for these purposes. 
General17, on the basis of aineral content, the waters are satisfactory for 
most uses or if necessary, the aineral content could be reduced with proper 
treatment. Quantities of mineral aatter 1n solution are moderate, and the 
waters are soft to hard. The Cohocton River Dear C.
pbell, however, would 
be unsatisfactory for most purposes during periods of high socii. chloride 
concentrations. other streams that show evidAnce of pollution would be 
equally unsatisfactory except, perhaps, for cooling purposes or other uses 
where JBOderate pollution 'WOuld not be too objectionable. Of course, for 
use as sources for public water supply, all stre_ would haYe to CODfona 
to established s8D1t
 criteria. 
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GLOSSARY 


Color - A visual effect due to material in solution and not due to turbidity 
or auspended matter. 
Coefficient of correlation - A measure of the degree of relationship between 
variables. NUmerically, the coefficient of correlation (r) ranges 
froa 0 (no correlation) to:.t I (perfect correlation). The sign is 
positive if the dependent variable (ordinate value) increases with 
increases of the independent variable (abscissa value); negative if 
the dependent variable decreases with an increase in the independent 
variable. 
Dissolved solids - Residue fro. a clear sample of water after evaporation 
and drying of residu
 for one hour at 180 o C. 
Hardness - The effect of calCiua, magnesium and other cations having soap 
consuaing and incrusting properties. In this report it is expressed 
as calci\DD carbonate (caC0 3 ) equivalent. 
Milliequivalent - Ratio of the concentration of a constituent expressed as 
milligrams per liter divided by its equivalent weight--atomic weight 
per unit valence. An equivalent weight of one substance will react 
or combine with an equivalent weight of another. 
Oxygen Consumed - An approximate measure of the amount of oxidizable matter 
present in water, but does not distinguish between organic and in- 
organic matter. 
Part per million (ppm) - A unit weight of constituent in solution in a 
million unit weights of water. 
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GLOSSARY (COntinued) 


pH - A logaritlma1c expression of the hydrogen - ion concentration. Acid1t)' 
or alkalinity is indicated by the pH value. Water having a pH value 
of '7 is considered neutral being neither acid nor alkaline. Values 
higher than pH 7 indicate increasing alkalinity and values less than 
pH '7 denote increasing acidity. 
Specific conductance - The reciprocal of resistance which indicates the 
ability of a water to conduct an electric current per unit cross 
sectional area of solution and is expressed as microJDhos at 25Oc. This 
property is related to the quantity and kind of dissolved mineral .tter 
in solution and is an approximate measure thereof. A high specifio 
conductance generally indicates a larger concentration of dissolved 
mineral aatter than a lower value. 
Standard error of estimate - A aeasure of scatter of points about a central 
line or curve relating two variables. 
Station - A suitable location on a streaa Where representative water samples 
are collected daily or less frequently. 
Water year - Beg1D8 October I of one year and ends Septeaber 30 the following 


year. 


Factors 
1. Parts per aillion (ppm) X 0.0584 = grains per gallon 
2. Grains per gall_ X 17.1 = parts per a1llion 
3. ppa BC0 3 X 0.8202 = PIa alkalinity as CaC03 
4. cfs X 0.646 II ail110n gallons per day 
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OHIO RIVER MAIN STEM 
Table 19.-AU.EGlENY RIVER AT RED HOUSE, N. Y. 
IDCATION.-At highway bridge about 400 fi. downstream from gaging station at Red House, Cattaraugus County. 
DRAINAGE AREA.-l,690 square miles. 
RECORDS AVAILABIE.-Olem1cal sna1:yses: October 1953 to September 1956. 
Water temperatures: October 1953 to September 1956. 
EXTREMES, 1955-56.-Specif1c conductance I Maximum, 1260 micrcmhos Oct. 7; minimum, 70.0 micrcmhos Mar. 6. 
Olloride concentration: Maximum 308 ppn Oct. 7; minimum 7.2 ppn Mar. 10. 
Water temperatures: Maximum, 80'7 July 3; min1mum, freezing point Dec. 22, Jan. 8, Feb. 22. 
EXTREMES, 1953-56.-0l1oride concentrations: Maximum, 376 ppn Sept. 26, 1955; minimum, 7.2 Mar. 10, 1956 
Water temperatures: Maximum, 83ar July 5, 1955; minimum, freezing point many days during winter months. 
RJ!:!.'.ARKS.-Record of discharge for wster year October 1955 to September 1956 given in Wster-Supply Paper. 
Chemical analyses, parts per million W8ter year October 1955 to September 1956 
NOVEMBER DSCEMBER J ANUAIrI FEBRUARY MARCH 
7.7 173 
50 7.6 171 
49 7.6 128 
46 35 7.6 131 
45 36 7.5 129 
6------------- 214 7.2 932 44 45 7.1 264 37 23 6.8 150 36 7.8 328 35 107 7.5 37 12 6.7 94.0 
7------------- 308 7.3 1260 42 43 7.3 265 37 25 7.1 163 33 7.5 341 33 92 7.4 35 7.3 6.6 70.0 
8-------------- 252 6.6 10M 41 46 7.2 271 38 31 6.9 187 32 7.5 356 37 71 7.2 38 7.5 6.5 70.4 
9------------ 150 6.6 657 40 57 7.2 313 36 29 6.9 185 33 7.5 326 35 56 7.2 36 7.5 6.6 72.1 
10------------- 120 6.8 "47 40 58 7.2 318 33 32 7.4 199 34 7.9 380 34 54 7.1 38 7.2 6.7 72.1 
11------------ 62 108 7.1 505 40 62 7.2 328 33 32 7.0 207 34 76 7.4 393 35 50 6.8 269 40 11 6.6 94.4 
12----------- 62 114 7.1 539 42 59 7.3 323 33 32 7.3 214 34 76 7.2 382 36 50 7.1 268 40 10 6.8 92.8 
13----------- 58 112 7.2 532 44 60 7.4 330 35 35 7.2 225 34 73 7.5 376 36 44 7.1 247 41 12 6.9 107 
14------------ 58 107 6.4 499 44 48 7.1 262 - 35 41 7.5 253 34 66 7.4 363 35 46 7.1 261 38 16 6.8 122 
15------------- 55 23 6.6 161 48 38 7.1 227 33 63 7.6 356 35 47 7.2 262 38 17 7.0 131 
16------------ 53 18 6.5 138 50 16 6.9 125 33 42 7.2 260 36 71 7.3 376 36 48 7.0 268 34 22 7.0 146 
17------------ "2 18 6.7 143 41 14 7.4 138 34 56 7.1 317 34 80 7.5 419 35 40 7.2 235 37 22 6.9 155 
18------------ 52 227 6.6 170 39 1.5 6.8 121 33 52 7.3 299 35 76 7.5 408 35 38 7.2 228 36 25 7.1 1.67 
19------------- 51 31 6.6 190 38 19 7..'> 156 33 54 7.4 310 34 81 7.5 426 36 42 7.3 240 37 24 7.2 171 
20----------- 34 6.7 208 39 21 7.0 15::> 31 <a 7.5 301 34 83 7.3 433 35 35 7.1 209 39 26 7.1 182 
21------------ 52 34 7.0 213 40 23 7.3 152 54 7.3 316 34 96 7.7 483 33 32 7.1 '196 39 32 7.3 211 
22------------- 53 37 6.7 227 40 35 8.2 224 32 57 7.1 326 34 101 7.5 496 32 35 7.1 21.6 40 28 7.4 195 
23----------- 51 43 6.8 251 40 31 7.1 190 33 65 7.1 356 33 97 7.4 478 33 40 7.3 234 39 32 7.4 214 
24------------- 49 44 6.9 256 40 27 8.0 189 37 71 7.4 376 33 97 7.7 492 34 47 7.3 267 38 314 7.3 219 
25------------- 46 34 7.0 224 40 21 7.3 156 35 28 6.7 184 33 94 7.7 475 35 31 7.0 189 40 32 7.4 211 
26------------- 47 31 6.9 196 39 26 7.3 171 34 23 7.0 160 34 106 7.8 523 34 19 6.7 130 40 32 7.3 212 
27------------ 52 31 7.1 210 39 30 8.5 211 33 26 7.2 173 33 95 7.6 483 35 1.6 6.8 119 41 38 7.3 233 
28------------- 50 33 7.0 212 36 26 7.2 174 33 32 7.2 207 34 no 7.7 534 33 19 7.1 137 39 35 7.3 219 
29- .------- 51 34 7.0 216 34 31 7.2 192 34 40 7.3 244 37 107 7.6 533 39 23 7.1 156 40 30 7.3 203 
)0----------- 50 37 6.9 225 33 32 7.1 199 33 42 7.2 247 34 :J.08 7.6 524 37 33 7.3 210 
31------------ 49 21 7.1 165 34 40 7.4 248 33 122 7.6 568 38 31 7.3 207 
Average------ 56 104 484 42 36 220 34 39 234 34 79 410 35 55 296 38 22 155 
APRIL MAY JUNE JULY AUGUST 

 --------- 
Sp.Cond. Sp.Cond. 
Temp. Cl. (micromhos Temp. Cl. (micromhos 
of (OF ( ) 
at 25°C) 
1-------------- 40 34 2 7 3 7.7 -m- 
2----------____ 42 24 ::>01 78 59 7.7 342 
3------------ 42 16 172 80 92 7.8 473 
4------------- 44 7.5 145 72 63 7.5 361 
5-------------- 48 8.7 166 1 69 72 7.9 388 
6------------- 49 9.6 6.6 83.9 29 7.8 191 62 27 7.7 171 68 93 7.6 457 68 94 7.4 467 7.5 117 
7------------ 45 10 6.7 89.3 30 7.3 186 65 26 7.1 178 1 74 71 7.5 364 64 26 7.2 162 6.9 157 
8-------------- 42 12 6.7 92.6 29 7.3 180 67 28 7.2 184 76 66 7.7 351 66 21 7.2 150 6.9 184 
9-------------- 42 n 6.7 93.3 28 7.3 187 67 28 7.3 196 74 90 7.3 439 68 22 7.3 150 7.1 205 
10----------- 44 13 6.9 101 30 6.9 172 72 34 7.4 215 68 31 7.4 194 69 20 7.2 149 7.2 215 
11---------- 48 10 6.9 117 20 6.6 lL.6 74 
4 7.6 224 169 36 7.4 221 69 27 6.9 178 35 7.4 233 
12----------- 50 16 7.0 126 1.4 6.4 III 76 36 7.8 236 1 64 19 7.4 156 72 34 7.1 21.6 44 7.5 266 
13------------- 49 20 6.9 139 8.5 6.4 85.2 77 46 8.0 273 64 19 7.4 154 68 32 7.2 212 46 7.7 277 
14----------- 52 20 7.2 148 11 6.5 104 n 52 8.0 304 1 68 2L. 7.5 180 7l 41 7.4 255 57 7.5 323 
15----------- 51 23 7.0 160 12 6.6 104 78 48 7.4 295 \: 30 7.4 196 72 44 7.4 264 69 7.3 365 
16------------ 46 17 6.8 127 55 12 6.8 101 >3 7.5 302 23 7.5 IfJ2 48 7.5 282 59 65 7.1 344 
17------------ 44 14 6.8 l.l.4 50 15 7.0 122 7l 35 6.'; 218 I" 28 7.5 202 73 52 7.8 296 60 35 7.0 211 
18---------- 42 16 7.1 120 49 18 7.0 134 n 29 7.0 193 70 41 7.7 252 68 61 7.7 335 58 37 7.2 ::>27 
19------------ 44 17 7.2 134 52 20 7.1 149 70 27 7.2 193 70 42 7.7 264 70 69 7.5 368 56 39 7.1 232 
20------------- 42 19 7.1 138 54 23 7.1 162 72 41. 7.5 245 68 48 7.7 289 68 54 7.4 299 53 40 7.0 235 
21------------ 43 22 7.0 152 57 24 7.1 170 71 45 7.5 273 68 57 7.6 326 68 62 7.7 331 55 32 7.3 202 
22--------- 44 22 7.1 150 61 30 7.1 191 74 48 7.5 :?80 1 72 53 7.2 289 66 57 7.6 305 57 33 7.4 212 
23------------ 46 20 7.1 1.48 61 31 7.3 209 71 52 7.7 306 72 36 7.5 ?3r; 67 63 7.7 339 58 35 7.3 221 
24------------ 45 27 7.2 174 60 32 7.2 209 70 52 7.7 308 i 73 38 7 
 
;"1 66 79 7.5 392 60 37 7.3 230 
25------------- 43 30 7.2 184 61 30 7.4 2cxS 72 f.h '1.6 334 I 73 49 7.7 297 68 69 7.5 348 60 35 7.5 228 
26---------____ 47 32 7.2 195 60 33 7.'5 218 74 49 7.4 238 1 72 50 7.6 304 67 53 7.4 291 59 46 7.8 271 
27------------- 47 30 7.1 189 60 38 7.3 243 76 42 7.5 25'( 74 70 7.6 374 67 54 7.5 302 58 47 8.0 281 
28------------- 53 31 7.1 191 62 40 7.5 246 69 L.R 7.5 279 76 57 7.7 323 68 60 7.6 313 60 56 7.8 313 
29------------- S5 29 7.0 182 65 38 7.5 241 72 :,,, 7.8 306 73 64 7.8 348 7l 66 7.3 348 62 62 7.8 341 
30------------- 52 21 7.1 155 67 42 7.5 259 74 58 8.0 329 i7l 62 7.9 342 72 42 7.2 251 58 63 7.6 344 
31------------ 67 48 7.3 283 : 68 61 7.9 345 71 42 7.1 243 
Average________ 46 19 139 58 26 69 1.0 241 I 298 69 54 62 40 241 
177 i71 52 300 
------1--- --- I 
---___L___ nu_ ___ I 
u _ __ ______l 
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